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Abstract

During the COVID-19 pandemic, various applications of genetics were used as a basis for studying
the origin of the virus to diagnosing patients with this disease. Student literacy about COVID-19
from the genetic aspect will strengthen them in dealing with misinformation in a society that
rejects the existence of COVID-19. This study aimed to evaluate the COVID-19 genetics literacy
instrument. The draft instrument consisting of 20 items was first distributed online to Biology
Education students in Indonesia. The analysis was carried out after 400 respondents filled out the
online form. Seven items were eliminated according to the results of CFA and EFA. There were 13
items comprising of three dimensions taken. The Rasch analysis shows that the instrument is
reliable and has a separation index according to the recommendations. There was no misfit and
its have good discriminating power. The three choices given in each item did not confuse the
respondents. Therefore, the instrument was of good quality and could be used to evaluate
respondents’ genetics literacy for future studies.

Keywords: COVID-19 pandemic, hoax, misinformation, genetics understanding, scientific
literation, SARS-CoV-2

causing this disease and how to treat them. Referring to
the report from researchers, like other coronaviruses, the

INTRODUCTION

Genetics is considered the cornerstone of modern
biology. An understanding of genetics can be used to
understand all aspects of how living organisms function
and evolve (Nurse & Hayles, 2019). This biology’s sub-
disciplinary has developed into an integral part of most
biological research whose findings provide a significant
impact on human life (Klug et al., 2012; Snustad &
Simmons, 2012). Genetics has been applied in plant
breeding (Bernardo, 2020), forensic (Dumache & Enache,
2016), drug development (Roses et al., 2014), and vaccine
design (Castiblsanco & Anaya, 2015). Genetics
application also contribute to uncovering new species
and new diseases (Phan, 2020).

During the COVID-19 pandemic, scientists have also
applied various genetic methods to study the virus

genetic material of this virus is in the form of single-
stranded RNA (Rahimi et al., 2021). Genetic studies have
revealed the phylogenetic relationship of this virus to
other coronaviruses (Tabibzadeh et al., 2021) as well as
predicted the mutation and evolution behind the
emergence of this new virus (Li et al., 2020). Studying the
genes of the SARS-CoV-2, scientists were able to
determine the function of each of these genes (Naqvi et
al., 2020). They were also capable of designing primers
and RT-PCR procedures to diagnose suspected COVID-
19 patients (Patankar & Zambare, 2021; Torretta et al.,
2021). Together with several pharmaceutical companies,
scientists are also developing vaccines based on the
SARS-CoV-2 genetic code (Borah et al.,, 2021). Hence,
genetics literacy becomes one’s basic knowledge in
following science development and responding wisely
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Contribution to the literature

e The COVID-19 pandemic presents the usefulness of genetics in uncovering origins and diagnosing non-

genetic hereditary diseases.

e Various developed genetics literacy assessment instrument is limited to measuring understanding of the

basic concepts of genetics or genetic diseases.

e This study presents the EFA, CFA, and Rasch analysis results of a draft instrument assessing genetics

literacy related to COVID-19.

to various natural phenomena. Therefore, genetics
literacy is considered an important aspect of scientific
literacy.

In the digital era, scientific literacy is needed to ward
off hoaxes (Vraga et al., 2020). Misleading information,
hoaxes, and even conspiracy theories are spread on
social media, such as in Facebook (Ahmed et al., 2020),
Twitter (Krittanawong et al., 2020), and WhatsApp
(Bowles et al., 2020). Fake information can endanger
people’s lives since some misleading information make
them ignore health advice (Barua et al, 2020;
Roozenbeek et al., 2020). Many people accept and believe
in the fake news and hoaxes on health issues and
thereby, reducing their protective behavior (Lee et al,,
2020; van der Linden et al., 2020). This is reflected in the
current situation during the COVID-19 pandemic.

The misleading information in this pandemic can be
in the form of rumors and conspiracy related to the
origin of the virus that causes COVID-19 (Nie, 2020) until
distorted understanding of vaccines (Bertin et al., 2020;
Cornwall, 2020). Individuals’ distrust of information
related to COVID-19 cannot be separated from their
declining trust in government and modern health
(Freeman et al., 2020; Georgiou et al., 2020). In fact, all
this misleading information can easily be refuted by
understanding genetics. With genetics literacy, students
can understand the virus mutation behind the
emergence of new virus diseases, the performance of
PCR in identifying the viral genes, the body’s differences
response when infected with a virus, as well as the
principle of developing nucleic acid-based vaccines.
Therefore, genetics literacy can become a bulwark
against fake news in health.

Genetics Literacy

Genetic literacy is one focus of studies in the science
education field which has begun to develop over the last
decade. As a focus that has not been touched by the
majority of researchers in the education field, there is no
consensus among scholars on the definition of genetic
literacy. No wonder, there are many definitions of what
genetic literacy really is (Boerwinkel et al., 2017). When
reviewing various publications that measure or develop
genetic literacy instruments, some authors tend to
position genetic literacy as knowledge of genetics, for
example Bowling (2007). In his publications, he uses
various references that discuss genetic knowledge as a
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literature review of genetic literacy. Bowling (2007) also
defines genetic literacy as understanding genetic
concepts and how these concepts relate to their lives.
When referring to Boerwinkel et al. (2017), genetic
literacy is part of scientific literacy. In this regard, other
authors state that scientific literacy is not only limited to
mastering science knowledge and attitudes, but also
being aware of when and how they should be capable of
using them (Stern & Kampourakis, 2017). Therefore, the
definition of genetic literacy should not be limited to a
basic understanding of genetic concepts.

Several studies have also attempted to clarify what
genetic literacy is and formulate components of genetic
literacy from various perspectives. Shea et al. (2015)
attempted to present a tri-part model for genetic literacy.
In this model, genetic literacy consists of content
knowledge use, argumentation quality, and the role of
situational features in reasoning. On the other hand,
Boerwinkel et al. (2017) describes genetic literacy as
knowledge consisting of three aspects, namely
conceptual  (knowledge of genetic concepts),
sociocultural (knowledge of the application of genetic
technology and its implications), and epistemic
(knowledge of the meaning of genetic information). In
this regard, Stern and Kampourakis (2017) suggest that
there are two pillars related to genetic literacy, namely
understanding knowledge and practice from science
content and using it in making decisions related to socio-
scientific issues. Meanwhile Chapman et al. (2019) has a
simpler explanation. They state that genetic literacy is
related to a person’s ability to use scientific thinking for
personal and social purposes related to genetics.

Genetic literacy can also be defined as a person’s
competence to wunderstand, use, or respond to
information about genetic phenomena, to the
application of genetic technology faced by many people
in everyday life (Duncan et al., 2009). Furthermore, the
application of literacy becomes important in cases of
socio-scientific issues when people are required to make
decisions that can affect their lives (Stern &
Kampourakis, 2017). Therefore, someone is said to be
genetically literate not only because they understand the
concept of genetics, but also skills related to decision
making in situations that involve the application of
genetic technology (Cebesoy & Oztekin, 2018).

Some researchers, such as Cebesoy and Oztekin
(2018) use literacy instruments that refer to Bowling et al.
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(2008). In his paper, their genetic literacy instrument was
developed based on six genetic concepts, namely nature
of the genetic material, transmission, gene expression,
gene regulation, evolution, and genetics & society.
Bowling et al.’s main source in determining the six basic
concepts was the list of genetics content benchmarks
identified by the American Society of Human Genetics
studied by Hott et al. (2002). Chapman et al. (2017) used
another genetic literacy instrument which was also
developed based on the six concepts reported by Hott et
al. (2002). Some researchers have also used or even
developed instruments to measure the genetic literacy of
their research subjects. The genetic literacy instrument
used by Abrams et al. (2015) consists of three knowledge
components, ie., awareness knowledge (term
familiarity), how to knowledge (practical skills), and
principal knowledge (factual knowledge). On the other
hand, the genetic literacy instrument wused by
Boerwinkel et al. (2017) also consists of several levels of
knowledge, namely conceptual, sociocultural, and
epistemic. From all these instruments, it is clear that the
measurement of genetic literacy does not only access
respondents” understanding of the basic concepts of
genetics, but also their knowledge regarding how
genetics-based science and technology development is
used to solve human problems. From all these
instruments, it is clear that the measurement of genetic
literacy does not only access respondents’
understanding of the basic concepts of genetics, but also
their knowledge regarding how the development of
genetics-based science and technology is implemented
in various cases in human life.

Research Rationale

The importance of genetics literacy has been
recognized by some researchers before the COVID-19
pandemic occurred. Several studies in the US have
reviewed the science curriculum of primary and
secondary education (Lontok et al.,, 2015) to higher
education (McElhinny et al., 2014). Several other
researchers emphasize the importance of genetics
education in nursing education (Camak, 2016; Daack-
Hirsch et al., 2013; Giarelli & Reiff, 2012). In line with
these studies, other researchers have also developed
various genetics literacy assessment instruments, such as
the genetics literacy assessment instrument for
undergraduates (Bowling et al., 2008), Genetic Literacy
and Attitudes Survey (Chapman, 2017), and Public
Understanding and Attitudes towards Genetics and
Genomics (Condit, 2010). Interestingly, in accordance
with researches reviewing and raising the urgency of
genetics education, these literacy instruments focus
more on measuring respondents’ literacy and
understanding of the basic concepts of genetics, even
though some of them are related to diseases and genetic
testing. Furthermore, study that evaluate COVID-19
literacy is also very rare. Until now, there is only one

study that explore the students COVID-19 literacy in
Indonesian (Fauzi et al., 2020) and the study that focus
on evaluating COVID-19 instrument is still limited on
KAP questionnaire (Saefi et al., 2020b).

Due to the difficulty of finding instruments able to
evaluate genetics literacy based on contextual
phenomena during the COVID-19 pandemic, this study
intends to develop and evaluate instrument for assessing
COVID-19 genetics literacy. The significance of this
study is to facilitate further researchers in the education
and health domain in assessing genetics literacy. The
measurements can be the basis for evaluating students’
COVID-19 literacy levels from a genetics perspective.
The lack of data related to genetics literacy can be a basis
for follow-up and policymaking, and science and health
education curriculum reformulation to respond to
alarming situation of students who easily trust fake
news in this pandemic.

METHODS

Literature Review and Item Formulation

The process of developing the questionnaire begins
with identifying which genetic concepts will be covered
by the instrument. Determination of these concepts is
based on the benchmarks list of genetics content
reported by Hott et al. (2002). Based on Hott et al. (2002),
there are six genetic concepts measured, namely: a)
nature of the genetic material, b) transmission, c) gene
expression, d) gene regulation, e) evolution, and f)
genetics and society. The main reason for Hott et al.
(2002) in specifying the six concepts is that those
concepts contribute to an understanding of life on Earth
and enable students to make informed and responsible
decisions about the personal and social implications of
genetics. The determination of these concepts was also
based on the results of a review of five leading
introductory biology textbooks. Because the genetic
literacy instrument evaluated in this study is literacy
related to COVID-19, then these genetic concepts are
applied to the SARS-CoV-2 virus or specifically the
COVID-19 disease.

The second step was the identification of the
information that should be included on the instrument.
The themes included as the basis for identification
relates to the COVID-19 literature from a genetics
perspective. The themes cover the structure of the SARS-
CoV-2 genetic material, the genes in the SARS-CoV-2
genome, the mutations of SARS-CoV-2, and the genetic
sequencing-based diagnosis of COVID-19. The literature
review resulted in draft of genetics literacy about
COVID-19 questionnaire consisting of 20 items. These 20
items were divided into ten correct statements and ten
incorrect statements. Each question has three choices of
responses, i.e., “yes”, “no”, and “I don’t know”. Table 1
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Table 1. List of concepts and statements contained in the COVID-19 genetic literacy instrument draft

Items Genetic Concepts Statements Correct/

Number Incorrect

1. Nature of the genetic material SARS-CoV-2 belongs to the DNA virus. Incorrect

2. Nature of the genetic material SARS-CoV-2 genetic material is double-stranded. Incorrect

3. Evolution Mutations are the origin of the emergence of SARS-CoV-2. Correct

4 Evolution The S gene is a highly variable gene in the coronavirus genome and Correct
thus impacts the host viral diversity for this group of viruses.

5. Genetics and society In the RT-PCR analysis, the diagnosis of a person infected by Incorrect
COVID-19 is based on the presence of the SARS-COV-2 protein in
the patient’s body.

6. Transmission Similar to HIV, SARS-CoV-2 has genes that encode reverse Incorrect
transcriptase (enzymes for the reverse transcription of RNA into
DNA).

7. Gene regulation Differences in the regulation of certain gene expression in human  Correct
cells cause SARS-CoV-2 to infect cells in only a few tissues/organs.

8. Transmission SARS-CoV-2 genetic material will replicate to produce new RNA  Incorrect
after the RNA performs reverse transcription into DNA.

9. Evolution Based on phylogenetic analysis, SARS-CoV-2 is more closely Correct
related to the coronavirus that infects bats than the virus that
causes Bird flu.

10. Evolution Several strains of SARS-CoV-2 have emerged and are currently Correct
spread in various parts of the world.

11. Gene expression SARS-CoV-2’s S gene encodes a protein that plays an important Correct
role in the infection of the virus to human cells.

12. Evolution DNA viruses mutate more easily than RNA viruses. Incorrect

13. Gene expression In the body composed of various tissues and organs, only human Incorrect
cells that have the ACE2 gene can be infected by SARS-CoV-2,
while human cells in other organs that do not have this gene will
not be infected by SARS-CoV-2.

14. Transmission SARS-CoV-2 genetic material will integrate with the target cell Incorrect
genetic material after this virus infects the cell.

15. Gene expression Human cells have genes that are able to code proteins that facilitate Correct
the entry of SARS-CoV-2 into cells.

16. Evolution Only missense and nonsense mutations identified in the SARS- Incorrect
CoV-2 genome.

17. Genetics and society ORF1ab is one of the segments of SARS-CoV-2 genetic material Correct
which used as the basis for detection using RT-PCR.

18. Nature of the genetic material Both the coding region and the noncoding region were found in ~ Correct
the SARS-CoV-2 genome.

19. Genetics and society The mutations that occurred in the SARS-CoV-2 genome only Incorrect
occurred in the coding region, making it difficult for scientists to
make vaccines.

20. Gene expression Genes S, M, N, and E are the four genes that code for structural Correct

proteins in SARS-CoV-2.

presents the twenty statements and information on the
six underlying concepts.

Several items in instrument addressing the SARS-
COV-2 nucleic acid segments and their reproduction.
The spike (S), envelope (E), membrane (M), nucleocapsid
(N) found in the SARS-COV-2 genome are included in
this dimension. Being able to choose the right option on
this item indicating that the respondent has started to
develop into an independent learner who has a high
curiosity. Related to the reproduction of genetic
material, there is a statement dealing with the diagnosis
of COVID-19. An accurate way of diagnosing someone
infected by COVID-19 is by using RT-PCR (Patankar &
Zambare, 2021; Torretta et al.,, 2021). The RT-PCR
identifies the presence of nucleic acid sequences
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possessed by certain living things or viruses to
determine their presence (Kralik & Ricchi, 2017; Zauli,
2020). Individual understanding of this information will
make individuals understand how it works and trust the
accuracy of the COVID-19 diagnostic test.

Furthermore, some items addressing the structure of
the SARS-CoV-2 genetic material. In these items,
respondents must identify the type of nucleic acids, the
number of strands, and the mutation rate of SARS-CoV-
2. As a positive single-stranded RNA virus (Rahimi et al.,
2021), the mutation rate of SARS-CoV-2 is quite high
compared to other types of viruses (Carrasco-Hernandez
et al., 2017). The structure of RNA is less stable than
DNA and the non-complementary strands make
nitrogenous base RNA more prone to mutations. In
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addition, the high error rate made by the polymerase
enzyme in RNA virus replication is also a major factor in
the high mutation rate of this type of virus (Duffy, 2018;
Peck & Lauring, 2018). It is not surprising that scientists
have now discovered a variety of new SARS-CoV-2
strands from different countries (Burki, 2021). By having
this understanding, one will not laugh and think
scientists are making it up when they read the news of a
new, more virulent strain, such as the British Variant, the
B117 Virus.

The other items addressing the concept of evolution.
Mutations that are essential to evolution and
phylogenetic analysis that is a study of evolution are
founded in these items. The researcher’s report stating
that SARS-CoV-2 is closely related to the coronavirus
that infects bats is one of the statements written. Another
statement deals with the compatibility of the protein
encoded by the human gene with SARS-CoV-2. One of
the widespread conspiracy theories on social media
states that SARS-CoV-2 was created or as a result of a
laboratory accident or intentionally produced as a
biological weapon (Nie, 2020). In fact, based on genomic
data and phylogenetic analyzes, the emergence of SARS-
CoV-2 is more likely due to a natural mutation from a
coronavirus that infects other species (Andersen et al.,
2020). This virus can infect the human body because the
human gene encodes a receptor protein on the cell
surface that matches the spike protein of SARS-COV-2
(Medina-Enriquez et al., 2020).

Instrument Trial

The respondents of this study were undergraduate
students of Biology Education and Biology study
programs throughout Indonesia. The data collection was
by an online survey. The questionnaire draft was
transformed into Google Form. The link was distributed
through WhatsApp in August 2020. The minimum target
of respondents was 400 undergraduate students.

Data Analysis

Exploratory Factor Analysis (EFA)

Before EFA was conducted, the sample adequacy was
measure by Kaiser-Meyer-Olkin (KMO) test. Then, the
observed correlation matrix was evaluated using
Bartlett’'s test. After that, the EFA was conducted to
determine item components and the dimension of
questionnaire. The items with factor loading less than 0.5
were eliminated.

Confirmatory Factor Analysis (CFA)

The remained items were analyzed by using CFA.
The fit item was produced the CFA was conducted. The
model measurement was by statistic obtained from the
Goodness-of-fit (GOF). Only item that had the

Standardized Regression Weight (\) higher than 0.5
were retained.

Rasch analysis

Before carrying out the Rasch analysis, a
unidimensionality test was carried out. Then, the
separation and reliability were determined based on the
real values of RMSE. After that, the item fit was analyzed
using infit and outfit MBSQ and ZSTD. Furthermore, the
discriminant power was measured by PTMEA
correlation coefficient. Subsequently, the clarity of
response choices from the questionnaire items was
analyzed using a diagnostic rating scale. Finally, a
Wright Map was produced to describe the distribution
of items based on the difficulty level of each item.

The Example of Instrument Application

After the instrument is developed and evaluated, the
instrument can be applied to measure genetic literacy
related to COVID-19. In addition to containing items that
passed the CFA, EFA, and Rasch analysis, the
distributed instrument contains several items that access
respondents’ demographic data, such as gender, age,
year of study, institutional status, and status of
residence. In this example, the data obtained are used to
analyze the association between institutional status and
the accuracy of students answering each literacy item.

First, the instrument was transformed into an online
questionnaire using the Google Form platform. Then, the
Google Form link was shared with the students. After all
respondents have filled out the questionnaire, the survey
results were downloaded into CSV format or into other
types of files that can be processed in Microsoft Excel.
Then, demographic data and literacy data were
converted into numbers to facilitate the analysis process.
In this example of instrument application, the selected
demographic data was the status of the institution. The
data on the institution status was converted to score 1 if
the respondent’s institution is public and score 2 if it is
private. Then, the responses to literacy items were
converted into scores of 1-3, where a score of 1 represents
the respondent’s ignorance of the information asked, a
score of 2 represents an incorrect response, and a score
of 3 represents an appropriate response. Next, the
percentage of responses in each item is calculated to
show the distribution of the answers. Finally, a chi-
square test was performed for each item on the
institutional status variable with a significance level of
0.05.

RESULTS

Descriptive Statistics

The questionnaire items have mean score ranged
from 1.40 to 2.46 and its standard deviation (SD) were
0.59-0.97. Those SD not surpass 2.5 of the mean. All items
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Table 2. Exploratory factor analysis results

. . Component
Dimension and Item 1 5 3
Dimension 1
Item 18 0.756
Item 16 0.730
Item 19 0.658
Item 17 0.650
Item 20 0.623
Item 13 0.600
Item 8 0.520
Dimension 2
Item 1 0.778
Item 2 0.758
Item 12 0.537
Dimension 3
Item 9 0.777
Item 10 0.688
Item 15 0.656
Item 3 0.526
Eigenvalue 6.427 1.831 1.170
% of variance 32.126 9.157 5.848
Cumulative % 32126  41.293 47.141

was categorized as moderate correlation (the Pearson
correlation coefficient were 0.44-0.67 < 0.80).
Exploratory Factor Analysis

The result from the Measure of Sampling Adequacy
using Kaiser-Meyer-Olkin Test of 400 respondents was

0.44
(e7) Item_18
0.29 0.67
(€5) Ttem_19
0.42 0.54
() 065
0.39 0.63
) 052
0.27
@
0.28
D)
0.49
€19 070
0.59 -
@ Item_2 0
032 056
)
0.46
€19 068
0.38
€13 062
037 061
€19 053
0.28
@

Figure 1. Correlated model
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0.919, categorized as “very good”. Bartlett’s test yielded
X3(190) = 2386.670, p < 0.001, indicating that the data can
be used for further analysis. The Exploratory Factor
Analysis results identified three dimensions, with a total
variance explained of 47.14% (Table 2). From 20 items,
six other items had factor loadings less than 0.5. Thus,
they were eliminated.

Confirmatory Factor Analysis

From 400 respondents, the results of the confirmatory
factor analysis using the correlated model (Figure 1) and
the hierarchy model (Figure 2) resulted in a good
Goodness-of-fit (GOF). The details are presented in
Table 3. Only one item (Item 16) has Standardized
Regression Weights (A\) below 0.50. Therefore, it was
eliminated.

Rasch Analysis

The minimum variance explained resulting from the
unidimensionality test of 80 respondents” data is 39.5%.
Because the percentage was greater than 30, the
assumption of unidimensionality was met.

Reliability and separation

The separation person value and item reached 1.63
(accepted) and 4.48 (very good), subsequently. The
person reliability value and item as high as 0.73

0.69
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Figure 2. Hierarchy model

Table 3. The Goodness-of-fit (GOF) statistics

0.76
0.61

0.78

0.97

0.93

Model x2/df RMSEA SRMR CFI GFI AGFI TLI
Correlated 2.479 0.061 0.035 0.930 0.946 0.921 0.920
Hierarchy 2.510 0.062 0.036 0.927 0.944 0.919 0.910
Table 4. CR, AVE, and a on 12 items and 3 dimensions
. . Criteria
Dimension and Items X CR AVE a
Dimension 1
Item 18 0.663
Item 19 0.535
Item 17 0.647 0.74 0.32 0.77
Item 20 0.526
Item 13 0.525
Item 8 0.528
Dimension 2
Item 1 0.669
Item 2 0.759 0.73 0.48 0.71
Item 12 0.611
Dimension 3
Item 9 0.683
Item 10 0.619 0.70 0.37 0.70
Item 15 0.609
Item 3 0.530
Total 0.85

(moderate) and 0.95 (special). On the other hand,
Cronbach’s alpha value reached 0.75 (good) (Table 5).

The MNSQ infit value of questionnaire items ranges
between 0.47-1.21 with the mean value of 1.02 and P.SD
of 0.23 (Table 6). The MNSQ outfit value ranged between

0.57 to 1.43, with the mean value of 1.03 with a P.SD of
0.20. Meanwhile, the ZSTD infit ranged between -5.89 to
1.48 with the mean value of 0.10 and P.SD reaches 2.10.
The ZSTD outfit ranged between -2.97 to 1.6 with an
average of 0.00 and P.SD of 1.10. Therefore, all items
were accepted.
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Table 5. Summary of reliability and separation analysis

Analysis Results
Person reliability 0.73
Person separation 1.63
Item reliability 0.95
Item separation 4.48
Cronbach’s alpha 0.75
Table 6. Item fit analysis of questionnaire
Items Infit MNSQ Infit ZSTD Outfit MNSQ Outfit ZSTD PTMEA Corr
11 1.21 1.48 1.43 1.66 0.42
9 1.26 1.40 1.11 0.48 0.49
5 1.13 0.69 1.24 0.88 0.53
3 1.20 1.13 1.16 0.68 0.50
10 1.19 1.56 1.11 0.63 0.52
13 1.18 1.60 1.11 0.75 0.54
6 1.16 1.24 1.03 0.22 0.56
7 1.06 0.56 1.04 0.30 0.42
8 0.93 -0.53 0.99 0.01 0.46
1 0.89 -0.81 0.89 -0.57 0.50
2 0.85 -1.38 0.85 -0.92 0.52
12 0.71 -2.38 0.83 -0.73 0.43
4 0.47 -5.89 0.57 -2.97 0.54
Mean 1.02 -0.10 1.03 0.00
P.SD 0.23 2.10 0.20 1.10
Table 7. The results of diagnostic rating scale
Scale Andrich Threshold Observed count 1 (%) Observed average Infit Outfit
1 None 412 (35) -0.76 0.98 0.99
2 0.13 265 (23) 0.13 0.93 0.91
3 -0.13 493 (42) 0.87 1.04 1.13
CATEGORY PROBABILITIES: MODES - Andrich thresholds at intersections
Discriminant power 1o o * * * .
The determination of discriminatory power of the Il 3I
questionnaire is based on the PTMEA Corr (Table 6). The 5 l Mmlm 333333333 1
analysis result showed that the lowest score was found I o b I
on item number 11 (0.42); meanwhile, the highest score I 111 333 |
was on item 6 (0.56). Therefore, all items had PTMEA - | o o 1
Corr higher than 0.40. 1 o 5 H
A+ 11 33 +
| 173 |
Diagnostic rating scale I 22225 * 255322222 I
| 222222 33 11 222222 |
Based on the observed average, the value ascends 2 | orrnr 7 i o s |
from negative to positive. There was a value increase I222233333333333333 miﬂnuunﬂﬂl
between first, second, and third option. Furthermore, .0 +3333 1111+
based on the Andrich threshold, the value ascends from 5 . e LT 5

none to negative, then to positive (Table 7). This result
shows that the option given to respondents are valid.
The finding is strengthened with a graphical analysis
representing the response function showing the
recommended pattern (Figure 3).

Wright map

The Wright Map is presented in Figure 4. Based on
the Wright Map, item 18 was the easiest and 9 was the
most difficult to answer.

8/15

Person [MINUS] Item MEASURE

Figure 3. Category response curve

The Example of Instrument Application

The literacy instrument has been filled out by 250
students consisting of 117 students from public
universities and 133 students from private universities.
The distribution of the percentage of responses to each
item and the results of the chi-square test to analyze the
association between institutional status and response
accuracy are presented in Table 8. Based on Table 8, the
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Figure 4. The wright map of genetics literacy instrument

average percentage of “I don’t know” responses was
37.2%. The fifth statement which contains information
on genetic relationship of SARS-CoV-2 was the most
widely known information by students. On the other
hand, the tenth statement that asked about the segment
of genetic material that was used as the basis for PCR-
swab detection was the information most students did
not know. Furthermore, the fourth statement that asks
for the reverse replication process was the statement that
gets the most incorrect answers.

Furthermore, based on the results of the chi-square
test presented in Table 8, 12 of the 13 literacy items
showed a significant association between institution
status and student literacy. The 12th statement which
contains information about the impact of mutations on
the vaccine manufacturing process was the only
statement whose chi-square analysis results were not
significant. Interestingly, when viewed from the
distribution of the percentage of response accuracy and
the results of the chi-square test, students from private
institutions have higher genetic literacy than students
from public institutions.

DISCUSSION

The high level of misinformation and the ease of
being influenced by hoaxes is an indication of low
literacy in the community. Someone who is illiterate will
be easily deceived and influenced by misinformation.
On the other hand, literacy has a major role to counter
misinformation (Howell & Brossard, 2021). Science
literate citizens can filter out which information is in line
with science and which is not (Sharon & Baram-Tsabari,
2020). Furthermore, if the basics of scientific concepts are
firmly held, individuals can refute misinformation that
is illogical and inconsistent with scientific evidence.
Those who have strong literacy about the concepts and
applications of science will also be easier to convince the
people around them if those people believe in hoaxes or
do not believe in the presence of a new disease.

The emergence of new virus variants, molecular-
based disease diagnosis, and the development of a
COVID-19 vaccine are all related to the application of
genetics. Therefore, one of the literacies that need to be
empowered to tackle misinformation, hoaxes, and
conspiracies related to COVID-19 is genetic literacy
related to COVID-19. With good genetic literacy,
students can also become agents who can straighten the
understanding of the surrounding community. Student
literacy regarding the type of SARS-CoV-2 genetic
material and its replication process is needed as a basis
for discussions about the existence of COVID-19 as a
new disease that many people still don’t believe in.
Students’ literacy regarding mutation, evolution, and
phylogenetic can be their basis for convincing others
regarding the emergence of new coronavirus variants as
well as the emergence of various mutant strains of SARS-
CoV-2. Furthermore, their knowledge of the basic
concepts and principles of molecular detection of the
presence of viruses based on genetic material can be
used as a basis for students to counteract public mistrust
about the presence of new viruses and the diagnosis of
COVID-19 patients.

Information on COVID-19 from a genetic
perspective, as well as some other genetic knowledge,
were outlined in the draft instrument of the genetics
literacy questionnaire, which was tested for validity and
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Table 8. The results of the chi-square test between students’ institutional status and student responses in each item

Percentage of each Response (%)

ftem Institution Do not know Incorrect Response  Correct Response X p-ualue

1 Public 33.3 35.0 31.6 23.573 <0.001
Private 9.0 414 49.6

2 Public 49.6 26.5 23.9 31.23 <0.001
Private 16.5 429 40.6

3 Public 38.5 171 44 .4 43.905 <0.001
Private 9.8 6.0 84.2

4 Public 47.0 444 8.5 21.441 <0.001
Private 19.5 66.9 13.5

5 Public 27.4 7.7 65.0 29.912 <0.001
Private 4.5 3.0 92.5

6 Public 38.5 4.3 57.3 20.179 <0.001
Private 14.3 3.0 82.7

7 Public 35.0 47.9 17.1 10.976 0.004
Private 22.6 429 34.6

8 Public 61.5 231 15.4 23.219 <0.001
Private 32.3 48.9 18.8

9 Public 33.3 13.7 53.0 18.012 <0.001
Private 13.6 8.3 78.0

10 Public 81.2 6.0 12.8 23.756 <0.001
Private 53.4 6.9 39.7

11 Public 76.1 6.0 17.9 16.281 <0.001
Private 51.9 16.8 31.3

12 Public 58.1 33.3 8.5 4.865 0.088
Private 444 45.9 9.8

13 Public 61.5 6.8 31.6 22.506 <0.001
Private 34.6 3.8 61.7

Mean 37.2 23.4 394

reliability in this study. The study required an initial
EFA analysis due to the instrument was not based on the
other questionnaire which already had a clear dimension
(Tavakol & Wetzel, 2020). Based on EFA, six items have
loading factors were not sufficient, therefore, those items
were eliminated. On the other hand, based on CFA, one
item must be eliminated as its A was not sufficient. The
analysis also evaluate the level of data based on the
proposed model (Alavi et al., 2020; Tavakol & Wetzel,
2020). The analysis showed that the remaining items
could be classified into three dimensions and produced
a model with good GOF.

After factor analysis were conducted, Rasch analysis
was carried out. The analysis was designed to validate
the questionnaire items (Golino et al., 2014; Miiller et al.,
2015). Based on Rasch analysis, the remaining items in
the questionnaire had good reliability and can be
implemented in the field (Bond & Fox, 2007; Gerbing &
Anderson, 1988). All items did not have any misfit, so,
no items that leading to an unprecise respond by a
competent respondent (Boone, 2016). Based on the
PTMEA Correlation, the discriminatory power of the
questionnaire was also good (Bond & Fox, 2007). The
three responses option was also was good condition.
Therefore, the questionnaire and all items in the
instrument had quality as recommended and
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appropriate to measure the genetics literacy about
COVID-19.

This instrument is able to analyze students’ abilities
in applying the concepts of genetics. The results obtained
from the assessment can be taken into consideration for
curriculum reformulation and genetics course design to
optimize genetic competence and encourage students to
be lifelong learners. By having such competence,
students can protect themselves from misinformation to
conspiracy theories that are not in line with the
development of science, especially those related to
genetics. With their knowledge and belief in the truth
and scientific developments, their positive attitude
towards scientific findings will increase (Saefi et al.,
2020a). It is expected that students will enlighten people
who do not learn science and those who are not
enlightened by scientific truth.

The existence of genetic literacy instruments also has
significance for science education, especially biology
education. Genetics is often considered the core of
biology. However, even though it is positioned as a
branch of biology that underlies various other branches,
Genetics is included in the material that is the most
difficult for students to understand, both high school
students and college students (Fauzi et al., 2021).
Genetics also be a biological concept that more often
have misconception when compared with other
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biological concepts (Gusmalini et al., 2020; Kili¢ et al,,
2016). Furthermore, students with good mastery of
genetics will easily understand various other biological
concepts (Nurse & Hayles, 2019). The reason is that
various biological concepts, such as evolution, cell
division, and the immune response are closely related to
genetics. Therefore, the measurement of genetic literacy
is an important effort to measure how strong students’
mastery of biological concepts is and to measure the
quality of the biology education curriculum in an
educational institution.

The presence of genetic literacy instruments related
to COVID-19 can also be the basis for evaluating whether
education has been able to direct students to face the
pandemic. Based on the genetic literacy data measured
in the instrument developed in this study, educators can
identify which genetic topics need to be strengthened so
that students are ready to straighten out the
understanding of the surrounding community when the
next pandemic occurs. This is important because the
public’s lack of understanding and distrust about the
disease will be a big obstacle for the government in
tackling a pandemic or new disease.

Furthermore, this paper has also demonstrated how
to apply the instruments that have been evaluated in this
study. In addition to those exemplified in this paper, the
use of this instrument can also be used to fulfill several
purposes or analyze several other conditions. Other
researchers can conduct a chi-square test using other
demographic variables to analyze the existence of
significant associations between literacy levels and these
demographics, such as length of study, gender, and type
of college. Researchers can also involve students from
various study programs, such as biology study
programs, biology education, health, science, and non-
science programs. Kruskal-Wallis analysis can be
implemented to analyze whether there are significant
differences between groups of students with their
literacy level. In addition, these demographic variables
and other conditions can also be collected and positioned
as predictors for regression analysis so that researchers
can analyze what conditions are significantly related to
the level of genetic literacy of students related to COVID-
19. The findings of this study can be used to analyze
what conditions have a positive role in student literacy.
These findings can also be used as a basis for evaluating
the science curriculum and analyzing student literacy on
scientific phenomena that occur in their daily lives.

Apart from having significant urgency, the
instrument analyzed in this study is unique compared to
other genetics literacy assessment instruments. There
has been little development of genetics literacy
instruments and if there are some, they are with almost
the same characteristics. Several instruments focus their
items on assessing respondents’ understanding of
genetic concepts (Bowling et al., 2008; Fitzgerald-Butt et
al., 2016; Smith et al., 2008; Todd & Romine, 2016). Some

other instruments attempt to measure respondents’
literacy related to genetic diseases, such as the PUGGS
instrument (Condit, 2010) and the REAL-G instrument
(Erby et al., 2008). In this study, the genetics literacy
assessment instrument does not measure the basic
concepts of genetics or genetic diseases, but rather
scientific reports and the use of genetics in pandemic
caused by non-genetic diseases. This instrument
becomes important since it raises the issue of the latest
global phenomenon that has raided all countries and is
still happening in 2021.

However, although the questionnaire evaluated in
this study have a good result, several notes can become
concern as basis to design the other research. First,
further studies may involve more respondents to have
more proper Rasch model. More samples will result in
more satisfying Rasch model (Ismail et al., 2020). Beside
that, the greater number of respondents will strengthen
the analyzed parameter (He & Wheadon, 2013; A. B.
Smith et al., 2008). Further research is also recommended
to develop genetic literacy instruments that can also
access students’ literacy about the role of proteins in
genetic expression. Although proteins are not genetic
material, they are involved as components that regulate
the genetic expression of many genes. However, many
students have difficulty understanding the involvement
of proteins in trait determination mechanisms (Haskel-
Ittah & Yarden, 2017; Haskel-Ittah et al., 2020; Thorne et
al., 2013). Therefore, to ensure and evaluate student
literacy more thoroughly, this concept also needs to be
accessed.

CONCLUSION

The present study has evaluated the questionnaire
measuring the genetics literacy about COVID-19. Both
factor and Rasch analysis have confirmed the items’
accuracy in constructing the questionnaire. After
conducting CFA and EFA, the instrument remains 13
items that can classified into three dimensions. The
instrument had reliability and separation value as
recommended. The remain items have no misfit and had
good discriminatory power. The items have three
response options (“yes”, “no”, and “I don’t know”),
which has good result in diagnosis rating scale analysis.

Based on all analysis were carried out, the
instruments are recommended for further usage in
educational research. The instrument may help the
educator and the other researcher to evaluates the
students” literacy about COVID-19 from genetics
perspective. The utilization of the instrument can be the
basis for government or education institution to
reformulate the curriculum in this digital era that
overwhelmed with misinformation.
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